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Abstract: The effects of far-infrared heating on bactericidal effect, enzyme-inhibiting effect, lipid oxidation and nutritional quality of pine
pollen were investigated. The changes of color, peroxide value and volatilization of sterilization wall-breaking pine pollen during accelerated
oxidation were also analyzed. The results showed that far-infrared heating significantly reduced the microbial content in the pine pollen, and the
higher the heating temperature, the longer the action time, the more significant the sterilization effect. The sterilization requirements of pine
pollen was achieved by heating at 100 °C for 15 min or 110 “C for 10 min. Under these conditions, the inactivation rate of lipase, the loss rate of
carotenoids, free fatty acid content and peroxide value were 55.21%, 40.67%, 1.95 mg/kg, 0.46 meg/kg or 61.65%, 39.83%, 2.27 mg/kg, 0.45
meq/kg, respectively. In addition, no significant losses of essential nutrients and amino acids of pine pollen were observed. In the process of
accelerated oxidation, the color of far-infrared sterilization wall-breaking pine pollen (FI-100-15 and FI-110-10) changed insignificantly, while
the peroxide value, hexanal and hexanoic acid contents increased slightly. It indicated that far-infrared treatment at 100 ‘C for 15 min or 110 C
for 10 min could effectively inhibit microorganisms in pine pollen, delay the lipid oxidation rate and improve its storage stability, it can be
regarded as a potential sterilization method of pine pollen.
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Table 1 Effects of far-infrared heating on the bactericidal effect of pine pollen

B % & 4U(CFU/R) B R #E4/(CFU/g) KIHA B /(MPN/100 g)
%3 B8 B 18] /min

90°C  100°C 110°C 90°C 100°C 110°C 90°C 100°C 110°C

0 1x10°  1x10°  1x10° 3x10*  3x10* 3x10* 2700 2700 2700

5 14091 14002 13982 3020 1658 1189 1042 502 371

10 5092 2031 1909 469 295 82 532 112 24

15 1712 486 363 236 85 52 101 18 nd

20 878 21 150 94 51 24 36 nd nd

25 448 125 71 53 23 nd 25 nd nd

30 350 nd nd 31 nd nd nd nd nd

E: nd”AT A E.
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B W R BRI R I A R 2505 CLB b, BRI B R 2
B oA I BEEORN K i B R 1) K5 R 0 s ) 99.51%
99.71%- 99.33%8% 98.09%. 99.73%. 99.11%, iK%
90 CHIZLAMINFANTE 25 min A Gk 2K # 2
Ko RS SO I 50 21 At 245 FUEU K B AL
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Fig.1 Effects of far-infrared heating on the lipase activity of

pine pollen
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Fig.2 Effects of far-infrared heating on the carotenoid content
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Fig.3 Effects of far-infrared heating on free fatty acids of pine

pollen

242 WEEAME

18 =90C
~ 15| -elooC
2 - - 110C
g 12 L
gt
@ 09f
=
B 06F
pa

03}

00 (I) Ai I8 1I2 1I6 2I0 221 2IS 32
AL PRIN ] / min
& 4 TSNS IATERNT EALERIFZN
Fig.4 Effects of far-infrared heating on peroxide values of pine
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AR EE#, I S mTEn, SIRFAER A
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Fig.5 The appearances and microstructure of wall-breaking

pine pollen by far-infrared sterilization
2.6 AT KO BB AN B9 B IR R AT
KHH 100 CHIFA 15 min #1110 “CHN#A 10 min )
SFAERCERRAAE Y, T AR MR & 5.

2 2 A%, FI-100-15 F1 FI-110-10 AEEEMAERS (RIR AR
Koy & 8B B E KT AR (p<0.05), K- HH

EOMORESES MR TEEZER (p>0.05), 1
KRBT & S8 B2 = T A ER (p<0.05). X T REAE
H T RSk B R A aE, R RHIR &I T Aade
R IE T PRI, LIS K B EER A fE R
BT I AHMRESZ BIRR, S R TIR ARG B (17
P, SRAAEEECOE A MRl BERA T E R IR E FR IS
W, ANFEEEERATEA RN & =T 8.57%~10.66%
Z 18], AT TR R R o AT .

R 2 WAINREREEMTEN IR R AR S

Table 2 The main components of wall-breaking pine pollen by

far-infrared sterilization

ALY R ) BRAEANTEAY

Fe47I B JRANTEHY
FI-100-15  FI-110-10
A42/um  46.73£1.14°  30.17+1.14° 2826+1.17°
K% 7.174025%  4.07+0.11°  3.97+0.16°
B 1% 3.26+0.07 3.46+0.07  3.39+0.02
HWEGK%  10.84+0.13  10.37+0.13 10.51+0.24
AT /%  1.89£0.03°  8.49+0.03°  7.83+0.07°
EAESE/%  17.85£023  18.05:023 17.92+0.18

E: FATIRA AR FERTAAZFRF (p<0.05), 47
AAAR FRATANEZFRARE (p>0.05), FR.
R 3 MASMNRERENTEM T ERERMESE
Table 3 The compositions and contents of amino acids of

wall-breaking pine pollen by far-infrared sterilization (mg/g)

LTI R ) BAANTEY

BB JRANTER
FI-100-15  FI-110-10
RAHE Asp  9.2+040° 8.71+0.40°  8.99+0.41°
AEE Glu 13274082 13.18£0.82  13.04+0.60
2 A Ser  3.77£0.09 3.93+0.09  3.84+0.36
AR His  245+038° 3.14+038  3.17+0.28°
HEEGly  4.93£0.13° 5.65£0.13°  525+0.17°
FHEBL Thr  3.118024 4244024  4.15+0.27
AHABL Arg 7212150 877150  8.55+1.89
REF Ala  529+0.70  7.110.70  7.02+0.01
SEEL Tyr  2.90£047° 4.56£0.47°  4.71£0.55"
FPLEFL Cys-s  0.30£0.02° 1.05+£0.02°  0.81+0.02°
WEE Val  5.62+0.18° 6.19+0.18"  5.78+0.23°
ERE Met  2.1740.19* 1.68£0.19°  1.30+0.29°
FAREB Phe  3.84+0.12° 4.51+0.12°  4.69+0.18"
FEEF# e 4.68£033° 595+0.33"  5.04+0.29°
FHEB Leu  623+0.11° 834+£0.11°  7.60+0.19°
BB Lys  620£049° 7.04+049°  6.98+0.53
JHEBL Pro  9.14+1.07* 7.25+1.07°  7.30+1.40°
LFRABREE  31.85° 37.95° 35.54°
p S 90.52° 101.3 98.22°
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AR M IR TR A AR s, R A
WRMEIEEFIUR. HR3AH, FEnfehEixaa
HNRBEIEEAL IS, BRRAEIR. REIR. SRR
P 2R 2 S A PR AT, FLAh B LR & =8 s
AN, SIERMERAHEL, FI-100-15 A1 FI-110-10 AiEE
FAER A5 0 TR BSR4 s
#, H LAFI-100-15 246 5 2.2 (p<0.05) .38 8 100 C
110 CImAAMINANAACKD, FEEFRNMEIRA K,

2.7 AT AN K H AR EE AR AE ik A At AR

HEEER

CUEERATERY A BRI MUARIL, 2 5m 2
PRV EZBR L —, ANE AN K RRERA R
PN A R T 1 C A A B T PP AL ER (5T

=)

Ho

® 4 TSNREREMTEHEMESIIEHEIFNTL

Table 4 Changes of color in the process of accelerated oxidation of wall-breaking pine pollen by far-infrared sterilization

Hunter i &4
, A SUd
ALY K H) BRAEFNCAY a* b* AE
JRANEE  84.73£0.10  -047+0.05  34.35+0.03
8431+0.02  0.39+0.04 35.45+0.08  1.46+0.01
1 84.64+0.06  0.36+0.03  35.12+0.03  1.14+0.02™
3 87.26+0.03  -1.19+0.01  33.90+0.01  2.67+0.03"
5 87.64+0.07 -1.41£0.03  33.35£0.04 3.22+0.02%
FL100-15 8 85.26+0.03  -0.44+0.03 35.79+0.04  1.53+0.045
12 84.64+0.06  0.43+0.05 34.66+£0.03  0.96+0.03"
16 84.43+0.01  0.47+0.03  35.26+0.07 1.34+0.06
20 87.16£0.09 -1.16+£0.03  34.05+0.03  2.54+0.05°
25 87.46+0.03 -1.25+0.02 33.57+0.01  2.94+0.09°
30 84.99+0.07  -0.31£0.01  35.55+0.04  1.24+0.04'
0 84.11+0.03  0.60+0.03  35.31+0.03  1.57+0.03'
1 84.01+0.02  0.61+0.01  35.60+0.03  1.80+0.08%
3 86.98+0.01 -1.06+0.03 34.15+0.05 2.33+0.03f
5 87.34+0.03 -1.20£0.04 33.74+0.09 2.78+0.03°
FL-110-10 8 85.06+£0.05 -0.23+0.03 35.00+£0.01  0.77+0.06°
12 84.59+0.03  0.62+0.07  34.46+0.04 1.10+0.04™
16 84.47+0.01  0.51£0.03  35.03+0.03  1.22+0.05'
20 87.23+0.03  -0.91+0.02 33.67+0.03  2.63+0.03¢
25 87.64+0.09 -1.20£0.01 33.09+0.04  3.25+0.09*
30 87.85+0.02 -1.24+0.03 34.13£0.01  3.22+0.08*

JE: AEEAAK B L & F T K, BAE<LS 8, s SLE BT E R, 1.5<AE<3.0 B #§H £7%; 3.0<AE<6.0 BtA £ 57,
AE>6.0 A RF £5F. Fl—FFA7A AR FEAFAERAZFHER (p<0.05), AFAMRFEEATAREZFREZE (p>0.05).

HE 4 751, S5EMIEmAML, FI-100-15 A
FI-110-10 BEERATER H (02 AE 7E 0.96~3.25 TilH]
WAL, I AE A LT A K R R RA L 5 SR
TR BN A 25, (HANARE, HOeEZhS
fig BN () TG R BRI, SR EHI L A1 K B BERA fEA
) B B AR ARE

2.8 AT AN R AR EE AN AU AE ik A AT AR
B 3T AR B E AL

68

A AAE AT DU BRI B AR . I 6 1T
M1, BEAE R A ZEK:, FI-100-15 A1 FI-110-10 A%
BERMAERY L EAGE IS A WA, BB FI-110-10 42
W REZE. U SERAER T RSN AN S
TREEMIORAE T AR, HINARR e e A P OR
EREHE . BEAk, FERETEETER (37 12d) , FI-100-15 1
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Fig.6 Changes of peroxide value of wall-breaking pine pollen by

far-infrared sterilization during accelerated oxidation
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Table 5 Changes of volatile components in the wall-breaking pine pollen by far-infrared sterilization during accelerated oxidation (ng/g)
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Fig.7 The changes of hexanal in the wall-breaking pine pollen

by far-infrared sterilization during storage
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